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Abstract-The finding that mortality differences between occupational classes in England and Wales
have widened during the postwar period raises the question whether a similar development has occurred
in other industrialised countries . In this paper, a comparison is made with results from a geographical
study on the Netherlands . This study compares four periods between 1950 and 1984 by means of a
standard regional division, a single socio-economic index, uniform cause-of-death groups and a standard
regression procedure . During the postwar period, the relationship between socio-economic level and
all-cause mortality has become (more) negative . This development can to a large extent be attributed to
'negative' trends for lung cancer, diabetes mellitus, ischaemic heart disease, cerebrovascular disease and
traffic accidents . High-level regions have fared better partly because favourable changes in national
mortality trends seem to have begun first in these regions . The findings from this regional study agree
to a large extent with evidence from Dutch studies at the individual level . It is concluded that
socio-economic mortality differences in England and Wales and the Netherlands have probably developed
similarly in various respects .
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INTRODUCTION
In the 1960s and 1970s, studies that demonstrated the
persistence of socio-economic mortality differences
in highly developed countries [1, 2] hardly affected
the widely held illusion that such differences were
disappearing under the welfare state [3, 4]. During the
last decade, however, it became ever more widely
acknowledged that mortality and socio-economic
position are still strongly associated [5, 6] . The cur-
rent wide interest has in particular focussed on the
United Kingdom, where the authors of the Black
Report argued that mortality differences between
occupational classes have widened, and used this
argument in a plea for a radical reorientation in
health policy [7] . The question whether mortality
differences have indeed widened in the U.K. became
the subject of a heated discussion [8-10], but detailed
studies made it plausible that this really is what
happened [I]-13].
The widening mortality differentials arc intriguing
but at the same time difficult to explain . Some insights
have been derived from studies of specific causes of
death, which are possible in England and Wales
thanks to the unique set of data from subsequent
Decennial Supplements [14] . Mortality differentials
for specific causes of death appeared to develop
according to different patterns [12 . 151 . These pat-
terns are illustrated in Table I for the postwar period:
-Strong inverse (negative) gradients which existed
in 1951 have not been reduced and have even
sometimes become wider ; this pattern was fol-
lowed by stomach cancer, influenza and pneu-
monia, chronic obstructive lung disease (COLD)
and also perinatal mortality f161-
[41
-Positive gradients for males and weak inverse
gradients for females have gradually turned into
strong inverse gradients ; a classic example of a
former 'disease of affluence' is ischaemic heart
disease [17], but the same pattern is followed
by lung cancer [18], diabetes mellitus, hyper-
tensive disease and cerebrovascular disease
(CVA) .
-For other causes of death, changes in gradients
have been small and/or irregular; examples are
breast cancer and traffic accidents for which a
class gradient emerged in the 1950s which hardly
changed in later years .
The widening differences in total mortality can to a
large extent be attributed to the second pattern of
development, because this applied to several of the
largest causes of death .
Studies of specific causes of death also pointed to
the role of a number of determinants . For example,
Marmot showed that the reversal for ischaemic heart
disease from a high-class disease to a lower-class
disease occurred when the higher classes began to
consume less tobacco and sugar, and eat more whole-
meal bread in comparison to the lower classes 119] .
Hems argued that the positive class gradient for
breast cancer had virtually disappeared in the 1950s
because in the early 1940s fat and animal protein
consumption rose among the lower classes while it
declined among the higher classes . These trends in
consumption patterns were related to the onset of
food rationing at the beginning of the Second World
War [20] . Other cause-specific studies based on
Decennial Supplement data concerned causes of
death which have become amenable to medical inter-
vention [12, 21] . including perinatal mortality (16] .
The fact that for several of these causes class gradi-
ents have widened since 1951 suggests that differences
in access to/use of/quality of medical care may also
have contributed to the widening of the mortality gap
between social classes.
The prominent role of data from England and
Wales in all these discussions raises the question
whether a widening of socio-economic differences in
total mortality, and the underlying trends for specific
causes of death, is a uniquely English phenomenon or
has occurred in other highly developed countries
as well . With respect to all-cause mortality, socio-
economic differences have probably also widened in
France [22], Hungary [23] and the United States [24],
but not in Scandinavian countries [25] . Socio-
economic differences in perinatal mortality were
found to persist in various countries [2], although
these differences have often been reduced [25-27] .
Evidence on other causes of death is limited . A
reversal in the mortality gradient for ischaemic heart
disease occurred in the United States [28, 29] and
more recently also in Finland [30], but could not be
shown for France [22] or Hungary [23] . For both
France [22]. Hungary [23] and the U .S . [31], socio-
economic differences in cancer mortality have prob-
ably become less positive or more negative . A similar
development was observed for diabetes mellitus in
Hungary [23] and in the U .S- [31], and for cerebro-
vascular diseases in the U .S . [31] . Opposite trends or
no clear trends were observed in these countries for
respiratory diseases [23,31] and accidents [22, 23, 31] .
Thus, available evidence corroborates the findings on
England and Wales to some extent, but is too scarce
to permit definitive conclusions .
This paper will deal with the question whether
socio-economic mortality differentials in another
country, the Netherlands, have developed in a
similar way as in England and Wales . We will first
examine the evidence from previous studies on socio-
economic mortality differences in this country, and
then present the results of a new analysis using
regional data .
'Age group 15-64 years . except for 1951 (20-64 years) and 1981 (males 220--64 years, and females 20-59 years) .
Married women are classified according to their husband's occupation,
tFigures for 1951 have been taken from Logan 1181, who corrected them for misclassification of company directors .
No data available .
§Data for 1951 and 1961 refer to bronchitis .
Review ofprevious studies on socia-economic mortality
differentials in the Netherlands
Table 2 summarises the main characteristics and
results of studies on male all-cause mortality in the
Netherlands since 1945 . In all studies, the highest
socio-economic group appeared to experience the
lowest death rates. In studies from the 1950s and the
early 1960s, however, mortality differences by occu-
pational class were small and inconsistent, with white
collar workers having higher mortality risks than
labourers [32-34] . In contrast, studies concerning the
post-1965 period found more consistent and larger
mortality differences [35-38] . Although differences
between findings from earlier and later studies may be
attributable to random error, different study designs
or particularities of the study populations, they are
also consistent with the hypothesis that all-cause
mortality differences have widened in the Netherlands
in the postwar period .
Perinatal mortality risks were negatively associated
with the socio-economic position of parents in
national studies from 1952 to 1953 [39] and 1961 [40] .
A recent study in Amsterdam did however not find
consistent differences [41], which suggests that peri-
natal mortality differences may have been reduced .
A comparison of studies further suggests that
occupational class differences in ischaemic heart
disease mortality changed from a positive gradient
to an inverse gradient during the 1960s . For the
period 1947-61, Schrama found a consistent increase
of mortality rates from lower to higher occupational
groups among men employed in a state company [33] .
A national study still found a positive, but weak and
inconsistent class gradient in cardiac mortality in
1959-1961 [34], but a study on a sample of men from
Rotterdam observed the highest cardiac death rates
among lower occupational classes in 1972-1983 [38]-
A consistently negative mortality gradient for
ischaemic heart disease was observed in a follow up
of the 1932 birth cohort from 1948 to 1981 (ischaemic
heart disease mortality in this cohort occurred mainly
in the late 1960s and 1970s) [36] .
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Table 1
. Development of class differences in cause-specific mortality in England and Wales since 1951
100•SMR class Il (=highpSMR 1V( -I . .)
Males . Married females'
Cause of death 1951 61 71 81 1951
61
	
71 31
Total mortalityt 94 79 71 66 87 79
73 66
Stomach cancert 64 55 53 53 75 69
68 62
Colon cancert 112 108
100 98 105 99 83 99
Lung cancer+ 92 69 55 50
99
88
66 53
Breast cancert 101 114 109
133 l08 109 98
Prostate cancert 109 III 84 107 not upplic,
Diabetes mellitus 118 105 84 62 66 55 41
40
Hypertensive disease
128 100 76 53
76 65 55 45
Ischaemic heart disease
139 99 84 73 92
76
63 44
Other heart disease
81 75 62 65 59 52 55 56
Cerebrosasealar disease 118 91 77 62 94 74 68 57
Arterial diseases 102 72 79 92 60 48 67 55
Influenza and pneumonia 61 53 46 41 65 61 51 49
COLD& 52 43 40 36 40 43 46 4'
Motor vehicle accidents 86 73 69 67 109 86 96 83
A similar reversal may have occurred for lung
cancer. While death rates were still positively related
to occupational status in the Netherlands in the 1930s
[42] and in an Amsterdam hospital in the 1940s
[43],
the national study of 1959-61 found the highest
mortality rates among labourers [34] .
Doornbos observed that members of the 1932 birth
cohort in the lowest educational groups died con-
siderably more often from external causes of death .
and slightly more often from neoplasms [36] . There
are no data to establish trends in mortality differences
for these causes . The same applies to the remaining
causes of death. Individual-level data on mortality
differences among women are even completely non-
existent in the Netherlands .
In addition to individual-level studies, a number of
geographical studies has been performed, in which
socio-economic indicators were related to mortality
rates for regions or inner-city areas [44].
The most
important example is a comparative study of neigh-
bourhoods in Amsterdam in 1972-1976, which was
undertaken at a time when practically all that was
known about socio-economic mortality differences
in the Netherlands was thought to be outdated [45] .
The unexpected observation of higher mortality in
deprived areas was considered to be an indication
that socio-economic mortality differences still per-
sisted in the Netherlands . Although such a cross-
level inference is subject to the risk of 'ecological
fallacy' [46], the suggestion derived from this study
partly filled the gap in knowledge on socio-economic
mortality differences, and led to individual-level
studies which yielded results which were generally
Table 2 . Male all-cause mortality according to socio-economic group in the postwar period in the Netherlands : results of studies at the
individual level
Differential mortality in the Netherlands
in agreement with those from this ecological study
[35-38] .
In this paper, we will also use geographical data,
as these data permit the study of the evolution of
differential mortality over time
. for all-cause mortal-
ity as well as for mortality from specific causes of
death. For the period 1950-1984, we will relate
cause-specific mortality levels in Dutch regions to the
socio-economic characteristics of their inhabitants
.
DATA AND METHODS
The analysis to be reported here concerns four
5-year periods (1950-54, 1960-64, 1970-74 and
1980-84) and 39 nodal regions with a median popu-
lation size of about 300,000 inhabitants in recent
years (a 40th region, consisting of recently reclaimed
and inhabited land, has been excluded from the
analysis)
. The 5-year periods will be denoted here by
their central years (1952 etc
.) .
Mortality data by age, sex, cause of death (ICD
4-digit codes), region of residence and year of death
were supplied by the Dutch Central Bureau of Statis-
tics. ICD 4-digit codes were combined in such a way
that the resulting cause-of-death groups were maxi-
mally comparable across the four ICD Revisions
under operation in the study period . The analysis is
restricted to causes of death which were among the
largest 10 causes in 1950-54 and/or 1980-84 among
males and/or females . This selection (presented in
Table 3) includes both causes of death with increasing
death rates and causes with decreasing rates . Overall
regional mortality differences were not statistically
143
'For longitudinal studies the given age range refers to the beginning of the study period .
(Risk of dying relative to highest socio-economic group . Standardized for age except in the study of Otten ." Denotes significantly different
from 1 .00 (P < 0 .05) .
jExluding agricultural workers and miners respectively .
§The death experience of this young cohort is principally formed in the years after 1965 .
Author
[Ref.]
Study
design
Period .
age group' Population Socio-economic group
Relative
riskt
Wolff Cross-sectional 1947-52 15-64 Total Professionals, managers a .o . 1 .00
[32221 Amsterdam Own account workers 1 .14
population Lower employees 1 .48"
(N x 300,000) Labourers 1 .21"
Schruma Cross-sectional
1947-61, 35-64
Postal and Managers
I .00
[331 Telecommunication Office personnel 114"
Services Technical staff 1 .08
( .N -25,870) Postal delivery men 1 .00
sun Reek Cross-sectional 1959-61, 40-64 Total national Professionals a .o . 1 .00
134] population Own account workers and lower employees ; 1 .15"
(N = 1 .303,068) Labourers; 1 .12"
Mares Longitudinal 1953-80, 40-65 Civil servants Income level 5 (high) 1 .00
[35] Amsterdam Income level 4 1 .10
(N = 1583) Income level 3 1 .08
Income level 2 1 .15
Income level I (low) 1 .21
Doornbos Longitudinal 1950-81, 18$ National 1932 Educational level 4 (high) 1 .00
1361 birth cohort Educational level 3
1
.15"
(N = 78,505) Educational level 2 1 .22"
Educational
level I (low) 1 .49"
Spruit
Longitudinal
1960-85 . 40-49 Town of Zutphen Professionals a .o. 1 .00
[371 (N - 457) Own account workers 2
.25' •
Lower employees 1 .63
Labourers 2 .07"
Otten Longitudinal 1973-82 . 45-59 Rotterdam Professionals a .o . 1 .00
[38] (N = 3365) Own account workers and lower employees 1 .89'"
Labourers 2 .14"
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Table 3. Level .(mortality from IO largest causes ofdeath in 1950-54 and or 1980-84 . Indirectly
standardised death rates' . all ages
significant in only the following cases : colon cancer
(females, 1952), lung cancer (females, 1952 and 1962),
breast cancer (males, all periods, and females, 1962),
diabetes mellitus (males, 1982) and hypertensive
disease (males and females, 1982) .
The mortality level in a region and period was
measured for each sex separately by Standardised
Mortality Ratios (SMRs) . with national age-specific
death rates for 1950-84 as the standard . For perinatal
mortality we calculated comparable indices by divid-
ing perinatal mortality rates by the national rate for
1950-84 .
The socio-economic position of inhabitants of a
region was measured by the variables on income,
education and occupation that are presented in
Table 4. In addition to variables that represent the
average socio-economic position of the population,
we included variables on the presence of population
'Deaths per 100,000 population, Indirectly standardised with mean national death rates by age
for the period 1950-1984 as standard rates.
tDeaths per 1000 live- and stillbirths . Data are only available for both sexes together .
Table 4 . The selected socio-economic variables'
groups in the least favourable socio-economic situ-
ation. The socio-economic data were not sufficiently
detailed to correct for regional differences in age-
distribution . Regional differences with respect to
unemployment and occupational status have dimin-
ished sizeably over time, but income and educational
disparities have remained about the same .
It was found that the regional patterns of variation
of the six socio-economic variables are strongly
intercorrelated and that these patterns have hardly
changed during the study period . The six variables
were therefore combined into a single socio-economic
index by means of factor analysis without rotation
on all 21 available measures (6 variables times 4
periods less 3 measures missing) with the 39 regions
as objects. The first factor explained 63% of all
variation, while subsequent factors explained only 13
and 10% respectively . The pattern of loadings on the
Mean (coefficient of variation)
Loading on first unrelated factor+
Variable
Average income per
inhabitant (/ 10001
% Incomes in lowest
calegoriest
Average number of years
of education
% Inhabitants with only
primary school
Number employees per
100 labourers, males
% Males 15-64 year
unemployed
'Sources
: income data
: publications of the Dutch Central Bureau of Statistics for 1950, 1960,
1969 and 1981 based on tax registries ; unemployment data: published and unpublished data
for 1951 . 1960, 1970 and 1980 based on registries of Municipal Labour Offices ; data on other
variables : population censuses of 1947 . 1960 and 1971 and the Labour Force Survey of 1979 .
+Calculated from factor analysis on measures for all variables and periods together (see text)
.
;For each period separately, income categories representing the lowest 15-20% were combined
.
1950-54 1980-84
Cause of death
Males Females Males Females
Total mortality 981 .9 834.5 909
.4
5212
Stomach cancer 53 .3 343 21 .9 9 .5
Colon cancer 12 .2 15 .2
17 .2
15 .2
Lung cancer 31.3 3 .8
97 .0 8 .1
Breast cancer 0.2 31 .1 0 .3
344
Prostate cancer 16.0 not applic . 23 .3
not applic .
Diabetes mellitus 9.1 18 .9
7
.6
9 .1
Hypertensive disease
16.5 22 .3
4 .2 4 .1
Ischaemic heart disease
129
.3
78 .8 212 .2 94 .2
Other heart disease
101 .5 104 .3 69 .1 48 .7
Cerebrovascular disease
111 .4 128 .0
75 .0
62.6
Arterial diseases 29
.1 25 .1 21 .4 8 .7
Influenza and pneumonia
47 .5 44 .4 20.1 14 .9
COLD
24.7 14 .3 40.7 8 .7
Perinatal mortality+
32 .6 [0 .4
Traffic accidents
22 .9 5.7 18 .6
6 .4
Non-traffic accidents 31.7 187 16 .6 12 .7
All other causes 325 .7 278 .7 260 .9 182 .1
1952 1962 1972 1982
1 .15 2 .31 4 .95 12 .17
(0 .15) (0 .15) (0 .13) (0 .121
0 .83 0 .90 0 .93 0 .84
16 .8 17 .8 14 .7 20 .9
(0 .11) (0 .09) (0 .10) (0 .081
-0 .72 -0 .63 -0 .67 -0 .60
no
7
.7
8
.3
9
.5
data (0 .04) 10 .04) (0 .04)
0 .90 0 .93 0 .87
no
57
.2 42 .9
31
.3
data (0 .08) (0 .15) (0 .15)
-0 .90 -0 .90 -0 .71
30.9 43 .5 63,7 no
(0,40) (0 .37) (0 .29) data
0.85 0 .91 0 .94
2 .87 1 .69
1
.23 3 .26
(0
.67) (1 .09)
(0
.67)
(0
.37)
-0 .42 -0 .62 -0
.66
-0
.64
first factor, given in Table 4, is essentially the same
for all periods and indicates that the first factor can
best be interpreted as the general socio-economic
level of the regional population during the study
period. The regional distribution of scores on the first
factor (shown in Fig . 1) is characterised by the
contrast between positive values in the central-
western part of the Netherlands (the Randstad) and
negative values in the country's periphery .
A number of alternative socio-economic indices
has also been related to regional mortality differences .
First, we considered separately the variables with the
lowest loadings on the first factor (unemployment
and the presence of low-income groups) in order to
examine whether more specific socio-economic
variables have distinct relationships with regional
mortality levels . Secondly, socio-economic indices
have been constructed for each period separately
(by means of 4 factor analyses on period-specific
variables) in order to account for slight systematic
changes in the regional pattern of socio-economic
differences . Application of these alternative indices
did not show almost any new significant (changes in)
socio-economic mortality differences, so that we
Differential mortality in the Netherlands
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will only report findings obtained with the socio-
economic index presented in Fig . I .
This index has been related to regional mortality
differences by means of unweighed, ordinary least-
squares regression analysis . SMRs were transformed
to their natural logarithms so as to normalise the
distribution of residuals . Two control variables were
included: the percentage of the population living in
large cities, and the percentage of the population
belonging to the Roman-Catholic religious denomi-
nation. Average values for the entire study period
were used. These variables were selected because it
was found in preliminary analyses that they (I)
represent to a large extent sociocultural and demo-
graphic characteristics of Dutch regions and (2) are
important covariates of regional mortality differences
in the Netherlands [47] . Controlling for these two
variables influenced the outcomes of the regression
analyses to a small degree . Regression analyses were
performed for each period separately .
In an additional regression analysis, we examined
whether the relationship between regional mortality
differences and the socio-economic factor has
changed significantly over time . Data for the four
factor score C
+0.74 - +2.38
® +0.08 - +0.74
® -0
.48 - +0.08
-0.73 - -0.48
	 W-2. 1 0 --0.74
Fig . I . Regional differences in the mean socio-economic level of the population . Score on the first factor .
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periods were merged into to a data set of 156 objects
(39 regions times 4 periods) . The corresponding
regression model included the three regional variables
(the socio-economic factor and the two control vari-
ables), a nominal variable indicating period and
interaction terms for the period variable with the
three regional variables . An F-test on the interaction
between the period variable and the socio-economic
factor was used to examine whether there is a signifi-
cant difference between the regression coefficients for
the four periods .
RESULTS
In Table 5, the signs of the period-specific regres-
sion coefficients are shown . It is further indicated
whether these coefficients differ significantly between
the four periods . If there is a significant change for a
particular cause of death, this is illustrated in Fig . 2 .
Fitted values of SMRs for regions with a score of
-1 .5 and +1 .5 on the socio-economic factor (i .e .
1 .5 standard deviations below respectively above the
mean socio-economic level) are plotted for each of
the four periods. These SMRs were calculated from
the regression equations by filling in the national
values for the control variables and the estimated
regression coefficients .
Results for total mortality are given in the upper
row of Table 5 and the upper part of Fig . 2(A) .
Among males, total mortality was positively related
to the socio-economic factor in 1952 and 1962,
but the relationship had become negative in 1982 .
For females, inverse relationships are found for all
four periods but there is a weak and insignificant
tendency towards more negative regression co-
efficients. Among both men and women, the mortal-
ity differences between regions with a high and a low
socio-economic level were small in all periods .
Death rates for stomach cancer were higher in
regions with a low socio-economic level during the
whole study period. This association has not signifi-
cantly or systematically changed . Other cancers
were positively related to the socio-economic factor
in all periods (except female colon cancer in 1982) .
For most cancers, socio-economic differentials have
nonetheless been subject to significant changes, which
are illustrated in Fig . 2(A). Positive relationships for
colon cancer have disappeared and inverse relation-
ships seem to emerge. A very large difference for lung
cancer in 1952 among males has gradually and con-
siderably diminished . The same happened among
females during the 1970s, but without attaining statis-
tical significance . A large positive difference for
female breast cancer has diminished in the 1950s, but
remained constant since then . The relationship be-
tween the socio-economic factor and prostate cancer
mortality has not significantly or systematically
changed .
Mortality differences for diabetes mellitus,
ischaemic heart disease and CVA underwent similar
changes which are illustrated in Fig. 2(B) . Among
males, a positive relationship became negative, while
among females, the negative relationship arose earlier
and has become more pronounced .
Trends for other cardiovascular diseases are less
clear. No significant (changes in) relationships have
been observed for hypertensive disease, which is
probably due to random fluctuations caused by the
small numbers of deaths from this disease . The
absence of significant (changes in) relationships for
other heart disease, one of the largest cause of death,
indicates that changes in socio-economic mortality
differences, if any, have been small . For arterial
diseases, a positive relationship among males, and
perhaps also among females, has emerged gradually
(Fig. 2C) .
In the early 1950s, the inhabitants of regions
with a low socioeconomic level experienced higher
death rates from influenza and pneumonia, COLD
and perinatal mortality . For COLD and perinatal
Table 5 . Relationship between
cause-specific
mortality and the socio-economic index in four periods, all ages
'Regression analysis of the natural logarithm of SMRs on the socio-economic factor, controlling for % inhabitants in large cities and °%
inhabitants Roman-Catholic . Carried out for each period separately . Regression coefficients between parentheses if not significant at the
10% level .
+Test on differences in regression coefficients between the four periods (for calculation see text) . 'P <0 .10 . 'P <0,05- `P < 0 .01 .
;Excluded because of non-significant regional mortality differences in all periods .
'Results for perinatal mortality refer to both sexes together .
Males Females
Sign regression coefficient' Sign regression coefficient'
Signifie . Signific .
Cause of death
1952
1962 1972 1982 change+ 1952 1962
1972
1982 change+
Total mortality + +
Stomach cancer
(-) (-) (-) - - - - -
Colon cancer (+) + + (+) " + (+) (+) (-)
Lung cancer + + + (+) (+)
(+) +
+
Breast cancer +
+ +
+
Prostate cancer (+) (+) (+) + not applic.
Diabetes mellitus + + (-) (-) (-) (-) - -
Hypertensive disease (+) (+) (+) (+) (+) (-) (-) (-)
Ischaemic heart disease + (+) - - (+) - - -
Other heart disease (+)
Cerebrovascular disease + + (+) (-) + (+) (+) -
Arterial diseases (-) (-) (+) + (-) (-) (-) (r)
Influenza and pneumonia - (+) (+) (+) ^ - (-)
(+) (+) s
COLD
Pcrinatal mortality - - - (-)
Traffic accidents (-) - - - (-) - - -
Non-trafc accidents (-) (-) (+) (+) (-) + + (-)
All other causes +
+
+ (+)
(-) (-) (+)
(+)
COLON CANCER
mates
1
LUNG CANCER
males
Differential mortality in the Netherlands
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16
10
60
36
TOTAL MORTALITY
females
COLON CANCER
females
BREAST CANCER
females
Fig . 2(A)
Fig . 2. (A) Mortality level in four periods at a high
(0)
and a low (0) score on the socio-economic
index [Expressed as SMRs with national mortality rates for 1950-84 as the standard . Estimation on the
basis of the results of the regression analysis with the socio-economic index set at + 1 .5 (for 0) and -1 .5
(for 0), and the control variables at their mean values .]: total mortality and some cancers .
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DIABETES MELLITUS
males
CEREBROVASCULAR DISEASE
males
1 0 1 0
DIABETES MELLITUS
females
ISCHAEMIC HEART DISEASE
females
t :r
0
CEREBROVASCULAR DISEASE
females
, ; t
Fig . 2(B)
Fig . 2
. (B) Mortality level in four periods at a high (Q) and a low
(,)
score on the socio-economic index
:
selected causes of death
.
ARTERIAL DISEASES
males
TRAFFIC ACCIDENTS
males
1960
	
1 4 19
mortality, this association has not changed signifi-
cantly in subsequent decades, while for influenza and
pneumonia this association disappeared within one
decade (Fig . 2C) .
For traffic accidents, a negative association was
found for all four periods, but changed nonetheless
significantly for males: an initially moderate differ-
ence became very large in the 1950s and 1960s and
then remained constant (Fig . 2C). The pattern of
change for females was similar but not significant . No
significant changes were observed for socio-economic
differences in non-traffic accident mortality .
Mortality differences for all other causes together
were small and did not change significantly, which
implies that this group of causes of death does not
play a predominant role in explaining (trends in) the
relationship between total mortality and the socio-
economic factor .
In the Netherlands as a whole, postwar mortality
rates for diabetes mellitus, ischaemic heart diseases
and traffic accidents have developed in an epidemic
fashion: an initial mortality rise levelled off and
turned into a mortality decline . Figure 2(B) and 2(C)
indicate that for each cause of death the onset of the
mortality decline first started in regions with a high
socio-economic level . while the trend in low-level
regions lagged behind (see also (48]) . This 'timing lag'
seems to have contributed to the development of a
(larger) excess mortality in regions with a low socio-
economic level . The evolution of socio-economic
differences in mortality from colon cancer, lung
SSM 11 2-D
Differential mortality in the Netherlands
Fig . 2(C)
Fig . 2 . (C) Mortality level in four periods at a high (0) and a low (0) score on the socio-economic index :
selected causes of death .
INFLUENZA AND PNEUMONIA
males
6
INFLUENZA AND PNEUMONIA
females
1
4
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cancer and CVA may also in part be due to the
occurrence of a timing lag . However, this cannot
convincingly be assessed because it is not possible to
determine the exact timing of changes in mortality
trends for these diseases .
Comparison with trends in socio-economic mortality
differences in England and Wales
The findings of this regional analysis resemble the
observations on trends in social class differences in
England and Wales in a number of ways : associations
for total mortality have become (more) negative in
the postwar period-especially among males; the
mortality gradient for diabetes mellitus, ischaemic
heart disease and cerebrovascular disease changed
from positive to negative ; for several other causes of
death too, e .g . colon cancer, breast cancer and traffic
accidents, trends in differential mortality in the
Netherlands and in England and Wales were practi-
cally the same ; in neither country the mortality
gradient for other heart disease seems to have
changed considerably .
However, some notable discrepancies were found
too: for causes of death that were inversely related
to socio-economic indicators in the early 1950s
(stomach cancer, respiratory diseases, perinatal
mortality), socio-economic differentials did not be-
come consistently or significantly wider in our study,
whereas this happened in England and Wales to a
number of these diseases . Another deviant finding
of our study is the positive relationship between the
1 5 0
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socio-economic level and male mortality in 1952 and
1962 for all causes of death together and for lung
cancer in particular.
DISCUSSION
For all-cause mortality as well as for the largest
causes of death, we attempted to answer the question
whether socio-economic mortality differences in the
Netherlands have developed in a similar way as in
England and Wales . This study shares its compar-
ative perspective with studies like those comparing
the English situation with that in the United States
[49], France [50], Japan [51] and Hungary and the
Scandinavian countries (25 .52]. But unlike these
studies, we did not focus on the magnitude of socio-
economic mortality differences at one moment in
time, but on the way in which such differences have
developed over time .
As a review of individual-level studies yielded only
very limited evidence on trends in mortality differ-
ences in the Netherlands, we carried out a geo-
graphical study. The use of regional data enabled us
to study a wide range of causes of death, to study
females as well as males and to cover the complete
Dutch population (e .g . all age-groups). Results for
different moments in time could be made comparable
through the use of uniform cause-of-death groups .
one single socio-economic indicator and a standard
regression procedure .
The findings of this regional analysis resemble the
observations on trends in social class differences in
England and Wales in various ways . However, some
notable discrepancies were found too . In contrast to
the situation in England and Wales, the mortality gap
for stomach cancer, respiratory diseases and perinatal
mortality did not become consistently or significantly
wider in our study. Our failure to show widening
mortality differences may in part be attributable
to the effects of chance fluctuations in regional
mortality levels for small causes of death . However,
this cannot be the entire explanation as differentials
for equally small causes of death like diabetes
mellitus and traffic accidents have significantly and
considerably changed .
Another deviant finding of our study is the
positive relationship between socio-economic level
and male mortality in 1952 and 1962, for all causes
of death together and for lung cancer in particular .
This may reflect real differences between the two
countries. However, individual-level studies on the
Netherlands before 1965 found inverse (although
not consistent) mortality gradients [32-34], so that
the deviant 'positive' findings of our study may be
attributable to characteristics of our method .
A first aspect of our method is that we considered
all age-groups together, whereas studies at the
individual level are generally limited to younger
age-groups and in particular to men at working age .
Positive associations were also found, however, when
we analysed mortality in the age-group 15-64 years
only (figures not shown here) .
A second aspect of our method relates to the
possibility of confounding by migration . If inter-
regional migration in the Netherlands was selective
to health (migrants being healthier, as found in
France and England [53]), a net outmigration from
regions with a high socio-economic level would have
resulted in higher mortality levels in these regions,
and would have biased our findings towards more
positive associations . However, we found that until
the 1970s a net immigration instead of outmigration
was experienced by regions with a high socio-
economic level (in all age groups) .
A crucial characteristic of our method is the use
of data at the aggregate (regional) level, which raises
the question whether the results from this level of
analysis can be inferred to the individual level . Cross-
level inference can be biased by the operation of
geographical confounders or effect modifiers [46, 54] .
It should be recalled that socio-economic differences
between Dutch regions are dominated by a centre-
periphery contrast (Fig. I) . A host of other societal,
cultural and/or environmental factors may accom-
pany this contrast [55], and such factors may have
acted as confounders or effect modifiers . The strongly
deviant findings for lung cancer suggest that some of
these factors are related to lung cancer . For example,
the positive mortality gradient for lung cancer
mortality until the 1970s may in part be related to the
higher levels of air contamination in the country's
centre in the 1960s and before [56] . But a more likely
explanation relates to tobacco consumption among
men . While around 1960 cigarette smoking was
already more prevalent among lower social classes
[37, 57], it was still less prevalent in peripheral regions
[58] . Cigarette smoking was probably introduced
slowly in the periphery, because until the 1950s local
communities often resisted to changes that originated
from the country's centre [59, 60] .
If cross-level inference is indeed biased in the case
of all-cause and lung cancer mortality in the 1950s
and 1960s, an important question is whether it also
affected our results with respect to the evolution of
differential mortality over time . Unfortunately, for
many causes of death there are no data at the
individual level that permit to evaluate the effect of
ecologic bias . Data are however available for male
mortality from all causes together, for lung cancer
and for ischaemic heart disease, and it is comforting
to note that in all three cases the evidence from
individual-level data indicates a similar trend toward
(more) negative mortality differentials as found in the
regional study (see review in Introduction) .
From the foregoing discussion it can be concluded
that socio-economic mortality differences in the
Netherlands and England and Wales have probably
developed similarly in various respects . In particular,
it is apparently not a uniquely English phenomenon
that some former 'high class' diseases have become
'low class' diseases, and thus have contributed con-
siderably to widening mortality differentials. This
conclusion is sustained by studies from France,
Hungary and the United States, which observed the
emergence of inverse mortality gradients for various
diseases [22, 23, 31] .
Further studies on other countries would permit
to answer the question whether the widening of the
mortality gap between English social classes, and
the underlying changes for specific causes of death,
represents a generalized phenomenon in highly devel-
oped societies . Their results would suggest whether
widening mortality differences should principally be
explained by idiosyncracies of some societies or
whether inherent and structural characteristics of
highly developed societies play a decisive role .
A
structural characteristic mentioned by
Morgenstern [29] is that upper social classes are most
able to exert control effectively over their lifestyle
and environment and, as a consequence. can adapt
more quickly to the continuous changes in modern
society. This applies probably also to mortality
related changes, as our analysis suggests that mortal-
ity changes first occur in upper social classes . This
'timing lag' in mortality trends between social classes
may have contributed to the widening of the mortal-
ity gap between social classes . It may have done so
especially in the 1960s and 1970s, when more favour-
able mortality trends set in for large causes of death
such as lung cancer and ischaemic heart disease .
Several risk factors may be involved . Massive
smoking cessation started first among higher social
classes in the 1950s and 1960s[19, 24, 57, 61] . Favour-
able changes in diet and serum cholesterol levels
during the 1960s and 1970s also first occurred among
the upper social classes (19, 62, 63]. The changing
social class distribution in
CVA may be indicative of
changing differences in the prevalence of hyper-
tension [29, 64], but may also reflect social class
differences in the application of effective hypertension
management techniques that were introduced in the
late 1960s [65, 66] . Further studies on trends in risk
factor differences may provide new insights into
the dynamic nature of socio-economic mortality
differences-
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